Introduction

31
Coniferous trees possess defense and resistance mechanisms that enable some individuals 
Results
222
We attempted to collect samples of constitutive resin from 106 individual trees of P. contorta (R 2 = 0.14, P = 0.009), but positively related to tree age in P. ponderosa (R 2 = 0.14, P = 232 0.0004) and P. flexilis (R 2 = 0.22, P < 0.0001) (Fig. S1 ).
233
Regardless of tree properties (age, growth rate, or size) or sample elevation, monoterpene 234 concentration within constitutive resin (mg monoterpene / mg resin) was significantly greater in 
252
Generalized regressions using the adaptive lasso estimation method revealed that the 253 combination of elevation and tree properties (age, size, and growth rates) were strong determinants 254 of monoterpene concentration (R 2 = 0.76) and diversity (R 2 = 0.50) in P. contorta (Table 1) .
255
However, these factors are very weak influences on monoterpene concentration and diversity in 256 P. ponderosa (R 2 = 0.08 and R 2 < 0.01, respectively) and moderate to weak influences on 257 concentration and diversity in P. flexilis (R 2 = 0.17 and R 2 = 0.11, respectively) ( Table 1) .
258
Monoterpene dissimilarity among trees was not influenced by tree properties or elevation for P.
259
contorta (R 2 = 0.01) but was weakly influenced by tree properties (primarily age) in P. ponderosa
260
(R 2 = 0.12), and by tree age and elevation in P. flexilis (R 2 = 0.10).
261
Generalized regressions were also used to test the relationships of concentrations of 262 individual monoterpenes (as opposed to total monoterpene concentration described above) with 263 elevation and tree properties. Overall, generalized regressions suggested that variation in the 264 concentrations of 7 of the 10 identified monoterpenes were significantly linked to one or more tree 265 properties in P. contorta, with a significant influence of elevation apparent for only two 266 monoterpenes (P < 0.05; Table S1 ). Importantly, tree age was the most influential factor in the 267 variation of three of the four most abundant monoterpenes on average found in P. contorta ( allow for predictor terms to interact via multiple paths (hence the alternate name 'path models').
288
In our case, both SEMs were considered to be well fit to the observed data with both models having to have the strongest, negative direct-effect on monoterpene diversity (Fig. 4b) . Taken together,
302
the SEMs would suggest that smaller, older P. contorta trees with larger growth rates have the 303 greatest levels of constitutive monoterpene defenses. At the same time, trees with these properties 304 would also be more defended (in terms of total monoterpene concentration) at lower elevations. flexilis.
327
We found that the combined influences of tree properties and elevation explained a 328 substantial amount of the variation in monoterpene concentration and diversity within P. contorta
329
( Tables 1 and S1 , Fig. 4 ), but explained a relatively modest to small amount of the variation for 330 both P. ponderosa and P. flexilis (Tables 1 and S1 ). Specifically, for P. contorta, tree properties 331 and elevation collectively explained roughly 75% of the variation in monoterpene concentrations 332 and 50% of the variation in monoterpene diversity depending on the modeling approach utilized 333 (i.e., generalized regression vs. SEM) (Fig. 4 , Tables 1 & S1 Fig. 4 ). Previous studies have also found that chemical defenses- that monoterpene concentrations were greater in younger xylem tissues than in older tissues of 378 individual P. contorta trees-i.e., lower stem material was less defended than upper stem material.
379
In addition to variation in tree ages and local environmental pressures across study sites, a plausible 380 explanation for these seemingly contradictory results of our study with that of Goodman et al.
381
(2013) likely stems from their focus on phloem defenses versus our focus on xylem defenses.
382
Indeed, dramatic variation in levels and types of defenses across plant structures is a common concentration and diversity, which initially seems to be in conflict with an age-related increase in 386 defenses since older trees are generally expected to be larger than younger trees within a given 387 population. Surprisingly, we found that the relationship among tree age and size was negative for 388 P. contorta trees in our study, while the relationship of tree age and size were positive for P.
389 ponderosa and P. flexilis (Fig. S1 ). This negative relationship among tree age and size for P. greater in P. contorta than in P. ponderosa and P. flexilis (Fig. 1c) . In other words, P. ponderosa 429 and P. flexilis display less variation in defense from tree to tree than did P. contorta. Previous work
430
has unveiled similar levels of intraspecific variation in resin chemistry of the species studied here,
431
but the majority of this work was completed over larger spatial scales than present in our study concentrations; SF analyzed the data and led the writing of the manuscript; JL and JM edited drafts.
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